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MODIFIED BLOCK COPOLYMERS AND PROCESS 
FOR THE PREPARATION THEREOF 

The invent relays Co a iuncdonalized. seleccieely hydro- 
genaced bloc, copolymer comprising ar lease one bloc, A being 

redominandy a policed „o„oal,enylaro.acic hydrocarbon bloc, 
L a. leas: one bloc, 8 being, prior Co hydrogenacion pre o a cly 
. polymeria conjugaced diana hydrocarbon bloc,, o. *l.h bloc, 
che unsacucacion baa bean reduced by bydroganacion Co lass cnao ,0. 
oE che original uosacuraciou and of «hich bloc, A cba 
!. aboee 50% or che original unsacucacion. The invancion a so 
Places co a process for cba preparacion of such 
selecciaely hydroganaced block copolymers. 

Bloc, copolymers can be obcalned by anionic copolymaricacaon 
of , ccnjug.ced diana and a monoa l,eny laromacic hydrocarbon by 
U su,g an organic al,ali cecal iniciacor. These cypas or bloc, 
cop, ymers are diversified in characcariscics . ranging from rub ec- 
U,a characcariscics Co rasin-li,a characceriscics , depending on 
the concanc of m,n»alkenylaro.acic compound. 

When Che concanc of m,n,al,enylar,macic compound «■«-"• *" 

^ c a « 0 -calLed thermoplascic rubber. It is 
oroduced block copolymer is a so caiiea 

u- v, chou-^ elasticity in che unvulcanized 
a very useful polymer which shows elasticity 

csce and is a plicabU for carious uses such as mouldings o shoe 

«^-fnc adhesives and binders- 
sole impacc modifier for polystyrene resins, adhesl 

rh » hieh content of monoalkenylaromatic 
The block copolymers with a high conten n „ essine 

>, 7 n7 bv weight , provide a resm possessing 
compound, such as more than 70a by weignc, P 

i .^ncnarencv, and such resms 
both excellent impact resistance and transparency, 

are widelv used for packaging. 

• = nf block copolymers also appear to 
The elastoraeric properties or block copo y 

rh.ir deeree of branching. While the polymers of 
be. due in part to tneir degree ^ 

monovinyl.rom.Cic hydrocarbons have a basic straig 

baCbone. those with el,sto,eric properties always have pending _ . 



alkyl radicals. For example, ethylene-propylene rubber has a 
scructure of pending methyl radicals which appears to provide 
elasticity and other e las comer ic properties, such as high elongation 
and high tensile" strength. 

Block copolymers have been produced, see U.S. patent speci- 
fication Re 27 , 145 which comprise ■ primarily those having the 
general structure A-B-A wherein the two terminal polymer, blocks A 
comprise thermoplastic polymer blocks of vinylarenes, such as 
polystyrene, while block B is a polymer block of a selectively 
hydrogenated conjugated diene. The proportion of the thermoplastic 
terminal blocks to the centre elastomeric polymer block and the 
relative molecular weights of each of these blocks is balanced to 
obtain a rubber having an optimum combination of properties such 
that it behaves as a vulcanized rubber without requiring the actual 
step of vulcanization. Moreover, these block copolymers can be 
designed not only with this important advantage but also so as to 
be handled in thermoplastic forming equipment and are soluble in a 
variety of relatively low cost solvents. 

' The selective hydrogena t ion has rendered the block copolymers 
less sensitive to oxidation and may be effected selectively as 
disclosed in US patent specification Re 27,145- These polymers are 
hydrogenated block copolymers having a configuration, prior to 
hydrogenation of A-B-A wherein each of the A blocks is an alkenyl- 
substituted aromatic hydrocarbon polymer block and B is a butadiene 
polymer block wherein 35-55 mol per cent of the condensed butadiene 
units in the butadiene polymer block have 1 , 2-conf igurat ion . 

These selectively hydrogenated ABA block copolymers are 
deficient in many applications in which adhesion is required due to 
its hydrocarbon nature. Examples include the toughening and 
compatibilization of polar polymers such as the engineering thermo- 
plastics, the adhesion to high energy substrates of hydrogenated 
block copolymer elastomer based adhesives, sealants and coatings, 
ancf the use of hydrogenated elastomer in reinforced polymer systems. 
However, the placement onto the block copolymer of functional 
groups which can provide interactions not possible with hydrocarbon 
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i 0 .. rf>n d 5 che range of 
0 .«„ soWas tha adhasioo probla* - *' 

a0P licabiUcy of chis oiacerial. ^ adhesion in 

a rhP very dramatic im P rove,..enc con cribute 
Beyoad the very comp onenC can also co 

• 1 1 <.r rn the excei"** H These 

substantial^ to ..« hv ltn.-butyl«na . Tnas 

in poly „ar .,.««■ " e ;; f " uts vh ich rain f orca Che poly- 

incl uda adhasion ri ras £ ssaUnts . aud coatings 

„.«.., adhasion co substrate ^ Jecorations 

basad on cuoctionalisad S-EB S £ ^ ^ ^ basad 

, such as prince inks • ■ ^ prions such as 

binding P"" 1 " 5 ' no „_ aq ue,us dispersions. 

in po lar-no„-polar a,ueous or ooo , ^ 

F u„ccionali»d S-EB-S poly-er by hydro . 

• c FR _ S polymers which are P 
l5 commercially produced S-EB P > ^ copolymer co 

Punccionalised. " ^ „... rouod which. =o»pacad 

M typ e described — = ^^ Uaad HUd* ^drogeoaced 

„»h Cha corresponding ^ , hlghar 

block copolymers have a higher cans te „ pacatu re ; 
aiongarion ac break, bach in ha „i„berore with 

•acccc. they show cba hydroge „aced biock 

„ respect co cha known funccionalised , 
"25 . , cpleccively 

copolymers. oco vldas a funccionaliaed, 

Accordingly. Cha invaocion pro ^ ^ „ lock , being 

hyi rogenated block copolymer comprts . block 
prad ominancly a polymeria »ono a keny ^ pradOT i„antly 

J0 and ac iaasc oca block B being - ^ of ^ block B 

a poly ™erire d conjugated diene ny „ c0 less than 10X 

cb a ^saturation has baan ceduc d .K ^ ^ ^ 
oE rha original unsacuracion ^ ^ gtoaps oE th . 

o SO" o c Che original una 
is aoove 3U„ o- 
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general formula I 



V. 

— 14 — 

0 

I J! 

H-N-S-R (O 
II 

0 

in which R represents an organic radical, are grafted at aromatic 
groups in the blocks A. 

Block copolymers of conjugated dienes and v inylaromacic 
hydrocarbons which may be utilized include any of those which 
5 exhibit elastomeric properties and those which have 1,2-micro- 

structure contents prior co hydrogenat ion of from 7Z to 100%. Such 
block copolymers may be multiblock copolymers of varying structures 
containing various ratios of conjugated dienes to monoalkenylaromatic 
hydrocarbons including those containing up to 60 per cent by weight 

[0 of monoalkenylaromatic hydrocarbon. Thus, multiblock copolymers may 
be utilized which are linear or radial, symmetric or asymmetric and 
which have structures represented by the formulae A-B, A-B-A, ; 
A-B-A-B , B-A, B-A-B, B-A-B-A, (AB) BA and the like wherein A ; 

is a polymer block of a monoalkenylaromatic hydrocarbon or a 

15 conjugated diene/monoalkenylaroma tic hydrocarbon tapered copolymer 

block and B is a polymer block of a conjugated diene. The block j 
copolymer preferably has the general formula B n ( AB ^ 0 A p v herein n = J 
0 or I, o = 0 or an integer of at least 1 and p = 0 or 1, in which 
not more than one of n, o or p are equal to zero. Particularly 

20 preferred are block copolymers having at least one mid block B and 
at least two end blocks A. Diblock copolymers AB are also very 
suitable. Suitably, the blocks A comprise 5 to 95 per cent by 
weight, preferably 5 to 35 per cent and particularly 5 to 30 
percent by weight of the block copolymer. 

25 The block copolymers may be produced by any well-known block 

polymerization or copolymerization procedures including the well- 
known sequential addition of monomer techniques, incremental 
addition of monomer technique or coupling technique as illustrated 
in, for example, U.S. patent specifications 3,251,905; 3,390,207; 

30 3,598,887 and 4,219,627. As is well known in the block copolymer- 

art, tapered copolymer blocks can be incorporated in the multiblock 
copolymer by copolymerizing a mixture of conjugated diene and 
alkeny iaromatic hydrocarbon monomers utilizing the difference in 
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cbeir copoiymerization reaccivicy races. The capered "^'^ 

cks It... predominancy one polymer. .« -ample 
g , Various pmc.nc specifications describe Che preparers 
ruiUoc. copolymers concainlug cape- "polymer ^ ^ — 

• „ 7 ?si 905- 3 265,765; 3.639.5ZI ana 
U.S. pacenc specifications 3,2d1,9U5, j.-oj, 

'"jugated dieu.s which may ha utilised Co prepare Che powers 
and copolymers are chose having from 4 co 8 carbon atoms per 
.olecule and include . for example, 1 ,3-bucadieoe . i-'"" 1 " 

.v 2 3-dimethyl-1.3-bucadiene, I , 3-pencadiene and 
, butadiene(rsoprene). 2,3 Simecnyj. 

, 3-hexadiene. Mixtures of such conjugated dienes .ay also 
The preferred conjugated diene is 1 , 3-bucadien= . 

Alk e„ylaro„atic hydrocarbons which may be utilized to prepare 
polymers include vinylaromaclc hydrocarbons, such as 
3 o-„echylscyrene. p-methylscyrene , p-tert-butylstyrene , 3d - h 
sevrene. alpha-mechylscyrene , vfnylnaphchalene and v.nylanthracene. 

The preferred vinylaromac ic hydrocarbon is scyrene. . 

L j- phP oresenc invention 

According co a preferred embodiment o. the prese 
eh . boc* copolymer is a styrene-bucadiene-styrene bloc, cope , ymer 
,„ The polymeria styrene blocks preferably have an avera* ,e mo! cmlar 
„ ei g c ecween 2.000 and U5.000 ., particularly between ,000 and 
,0.000 and Che polymeria butadiene blocks preferably have 
aver age molecular weight becween 20.000 and ,50.000 pare cc a y 
between 35.000 and 150.000. Suitably, in rbe range ro. 35 o 5 
25 moU and preferably «> co 50 mol* of Che condensed but, , e • u„ 
ta block B have a i .2-conf iguracion. Preferably, an average 
ch an 25, and more preferably Less Chan 1« of Che bloc a 

„r.d The average unsacuracion of the hydrogenaced block 

:::x:: ;:; — - - *- « - *» 

" ""'ic Should be Observed that the above-described polymers a d 
oopolvmers may, if desired, be readily prepared by the methods 
fot h hereinbefore. However, since many of these polymer and 

-i ui* i-r is usually preferred Co 
.^merriallv available, it is usud.i/ ^ 
copolymers are commercially 
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employ che commercially available polymer as this serves to reduce 
che number of processing seeps involved in the overall process. The 
hydrogenacion of chese polymers and copolymers may be carried out 
by a variety of well-established processes including hydrogenacion 
in che presence of such catalyses as Raney Nickel, noble metals of 
Group 8 of che Periodic Table of che Elemencs, such as placinum and 
palladium, and soluble cransicion tnecal cacalysts. Suitable hydro- 
genacion processes which can be used are ones wherein the diene- 
containing polymer or copolymer is dissolved in an inert hydro- 
carbon diluent such as cyclohexane and hydrogenated by reaction 
with hydrogen in the presence of a soluble hydrogenation catalyst. 
Such processes are disclosed in U.S. Patent Specifications 3,113,986 
and 4,226,952. The polymers and copolymers are hydrogenated in such 
a manner as to produce hydrogenated polymers and copolymers having 
a residual unsaturation content in che polydiene block of from 0.5 
co 10 per cenc, and preferably less than 5 per cent of their 
original unsaturation concent prior to hydrogenacion. 

The organic radical represenced by R in Che general formula I 
is preferably an aromacic group and, more preferably, a phenyl 
group. Ocher examples of groups R are naphchyl and anchryl groups. 
R may fur cher represenc a cycloalkyl group, for example a cyclobutyl. 
cyclopencyl or cyclohexyl group, or an alkyl group, for example a 
pencyl, hexyl, hepcyl. occyl, nonyl or decyl group. According co a 
preferred embodimenc of the present invention R represents an 
organic radical containing a carboxyl group, in particular a 
3-carboxyphenyl or a 4-carboxypheny 1 group; very good results have 
been obtained with 3-carboxyphenyl groups. 

The organic radical R in the general formula I may contain 
substituents other than carboxyl groups, either in the presence or 
in the absence of carboxyl groups. Examples of such substituents 
are halogen atoms, i.e. fluorine, chlorine, bromine or iodine 
atoms; cyano groups; hydroxyl groups; dialkylamino groups; nitro 
groups or benzoyl groups. Aromatic groups represented by R may 
carry, for example, an alkyl or a cycloalkyl group and alkyl groups 
35 represented by R may carry, for example, an aromatic or a cycloalkyl 
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, hpcerocvclic group, 

2-pvridyl. a 3-pyridyl or specific examples c£ 

c u of these sevea groups. Specu 
hydrogenation of each o w ar boxy-* chlorophenyl „ 

gr0 u P s R are 3-carboxy- hydroxyphenyl . /_ carboxynaphchyl . 

n 3 A-dicarboxyphenyi, 3 

4-(carboxymethoxy)phenyl, . . catboxyph enyl groups. 

2 -neopencyl-5-carboxyphenyl and Reparation 

f„rther provides a process 
The invention further p copolymer as 

of . fooecionaUaed. selectively hydroge, . b ^ 

described hereinbefore which P""" W t on8 block A heing 

— — - bi °< k 

predominantly a pol>.en hy drogenation , 

a „d a, ieasc bloc* B berng, < > hya-arbon bloc*, of 

predominantly a polymeriaed con^a e ^ o V ^^^^ 

„hlch bloc, B aha ^saturation has « lll[k A aha 

less Can 101 of the ociginal ansa. ra on ulch 

saturation is above 50, of the orrgmal 

azi da having the general formula II 
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R-S-N' 
il J 
0 



in 



• . in the general formula I. 
in vMch R has Che S a m e n a n ^ ^ „ 

It has, surprisingly, been che groupS of the 

che preS ent invention results in .„f.»^ ^ ^ ^ A 

general formula I selectively to ^ lnV , tttlon is preferably 

The process according to the pres gly hydro genated 

. hpat ing an admixture of the se 
carried out by heating ^ „ co , 

blocK copolymer and an azide of th g ^ ^ particularly 

temperature in the range of from 100 

from 150 °C to 250 "C. admixed with the 

Th e aside of the general formula U ma. ^ ^ ^ ^ 

b loe k copolymer in any subbet mill, or in an inter- 

river or « in 3 m6i . ■ h as a Brabender mixer. 

„al mixer, or in an extruder such , 
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In addition Co che azide, ocher ingredients can also be 
incorporated, for example fillers, extenders, pigments, stabilizers 
and plasticizers. If desired, the process according to the present 
invention may be carried out in the presence of a radical scavenger 
to prevent any degradation of aliphatic carbon carbon bonds in the 
block copolymer. Examples of radical scavengers are sterically 
hindered phenols such as "Ionox 220", a trade mark for 4.,4'- 
methylene-bis-2,6-ditertiary butylphenol and "Ionox 330", a trade 
mark for 1,3, 5-trime thy 1-2 , 4 , 6-tris ( 3 , 5-di-ter t-bu ty 1-4-hydroxyben- 
zyl) benzene . 

The following Examples further illustrate the invention. The 
experiments were carried out with Kraton G 1652 which is a trade 
mark for a selectively hydrogenated block copolymer ABA in which 
"A" is a styrene block having an average molecular weight of about 
7500 and "B" is a hydrogenated polybutadiene block having an 
average molecular weight of about 37.000 and having an unsaturation 
of less than 5% of its original value. 
Example 1 

A mixture of powdered Kraton C 1652 (50 g) and 3-azidosulpho- 
nylbenzoic acid (2 g) was fed to a Brabender mixer provided with 
kneading screws and having a temperature of 190 °C at the start and 
210 °C at the end of the reaction. The mixer was used at a speed of 
30 revolutions per min (rpm) . The styrene blocks and the ethylene- 
butylene blocks in the Kraton G 1652 had a molecular weight of 
7,500 and 37,000, respectively. The residence time of the material 
in the mixer was 5 min. NMR analysis showed that 80Z of the 3-azi- 
dosulphonyl-benzoic acid was grafted to the block copolymer and 
that 80% thereof was grafted to the aromatic groups. 

The material withdrawn from the mixer was allowed to adopt 
ambient temperature and was subsequently heated for 15 min in a 
mould at 185 °C to prepare test sheets having dimensions of 
11.5x11.5x0.1 cm and wherefrom test specimen having dimensions 
according to DIN 53,504, type S3A were prepared. The tensile 
strength and elongation at break at 23 "C and 70 °C and moduli at 



in ed acco-ding co method ISO R527 , using a scrain 
70 °C were aeterr.ined acco.ai. 6 Hpcerrined for 

, n Th e S e properties were also determine 
raC e of 200 mm per mm. These pr p orese nts the 

r ifiS-» The table hereinafter present* 
che starting Kraton G 16^-. 

results . 

TABLE 

Modulus at 

. - r 70 °C, MPa, 
Tensile Strength. Elongation at . 

MPa break, % 

23 . c 70 »C 23 «C 70 «C 300% 500% 

11 0 3 2 500 525 2.6 3.1 

Kraton G 1652 31-0 

Modified Kracon ^ ^ 2>g 3 .7 

1652 J5 - U 

cion at oreaK ac 

Example 2 . Brabender 

r C 50 K> was heated in cne 

Powdered Kraton G 1652 Q5U g; ac chig 

„ ise r, a, a spead o £ 30 rp., «. . « « ^ 

ce.peracure of the .lx«.«. obtained ^ 

a per iod of 3 »io aad cban inoraasad fro. 190 

min. . tt;j _ allowed to adopt 

The .acartal utcbdra^ fro* che —r - 

,„H uas subsaquantly heatad for 15 mm 
ambl anc camperacura aad „. . < ^ s crangcb. «b. 

moul d ac 183 'C CO prapa.e . ^ ^ ^ tho „ 

— " ac braa. ^ ^ ^ b U herelnba£o «. 
, 0 f che modified Kracon G 165- m 
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CLAIMS 

4 

1. A functionalized, selectively hydrogenated block copolymer 
comprising at least one block A being predominantly a polymerized 
monoalkenylaromatic hydrocarbon block and at least one block B 
being, prior to hydrogenation, predominantly a polymerized conjugated 
diene hydrocarbon block, of which block B the unsaturation has been 
reduced by hydrogenation to less Chan 10% of the original unsaturation 
and of which block A the unsaturation is above 50% of the original 
unsaturation, in which groups of the general formula I 

0 

H-X-S-R U) 
I 

0 

in which R represents an organic radical, are grafted at aromatic 
groups in the blocks A. 

2. A block copolymer as claimed in claim i in which the blocks A 
have* an average molecular weight in the range of from 2,000 to 
115,000 and blocks B from 20,000 to 450,000. 

3. A block copolymer as claimed in claim 1 or 2 which has at 
least one mid block B and at least two end blocks A. 

4. A block copolymer as claimed in any one of the preceding 
claims in which the blocks A comprise in the range of from 5 to 35% 
by weight of the block copolymer and the unsaturation of block B 
has been reduced to less than 5% of its original value. 

5. A block copolymer as claimed in any one of the preceding 
claims in which block A is a polystyrene block and block B, prior 
to hydrogenation, is a polybutadiene block. 

6. A block copolymer as claimed in any one of the preceding 
claims in which R in the general formula I represents an aromatic 
group. 

7. A block copolymer as claimed in claim 6 in which R in the 
general formula I represents an optionally substituted phenyl 
group. 
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8 a block copolymer as claimed in claim 7 in which R in the 
general formula I represencs a 3-carboxy?heny 1 group. 

9 a block copolymer as claimed in any one of the preceding 
claims in which the groups of the general formula I are present « 

5 an amount in the range of from 0.1 to 20% by weight, calculated on . 
Che functionalized, selectively hydrogenated block copolymer 
10 . A block copolymer substantially as hereinbefore described with 
reference to the Examples. 

U A process for the preparation of a funccionalited , selectively 
,0 hydrogenated bloc, copolymer as claimed io any one of the preceding 
cuJ which process comprises reacting a selectively hydrogenate 
block copolymer comprising at least one bloc* K being predominantly 
a oolvmerized monoalkenyl aromatic hydrocarbon block and at least 
one block B being, prior to hydrogenacion , predominantly a polymerized 
, 5 conjugated diene hydrocarbon block, of which block B the unsaturation 
has been reduced by hydrogenation to less than 10, of the 
^saturation and of which block a the unsaturation is above SOX o 
the original unsaturation. with an azide having the general formula 

0 

' II (II) 

R-S-N- 
il 3 
' 0 

in which R has the same meaning as in the general formula I. 
20 12 A process as claimed in claim 11 which is carried out at a 
temperature in the range of from 100 °C to 300 °C. 

13 . A process as claimed in claim 11 substantially as hereinbefore 
described with reference to the Examples. 



